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As a result of the Affordable Care Act (ACA), thousands of Illinois residents are now able to receive health insurance and medical care. Estimates of increased health coverage for Illinois parallel those of other states, with a 17% increase in Medicaid recipients from July 2013 to December 2015 \[[@CR1]\]. Large metropolitan areas such as Chicago are likely to notice the greatest impact in new patients, since they have a substantial number of previously uninsured individuals. Chicago is the third largest city in the United States, with a population of over 2.7 million, among which more than 20% are uninsured \[[@CR2]\]. Although an increasing number of minorities in selected areas of Chicago will now be enrolled in Medicaid, this may not guarantee access to care or appropriate referral to specialists, simply due to an insufficient number providers who accept this form of insurance \[[@CR3]\]. The lack of resources common in underserved urban areas may also impede the use of labor- and technology-intensive screening interventions. The situation among patients with diabetes and its complications may serve as an example to facilitate a better understanding of how large numbers of patients in underserved areas are affected by these phenomena.

Persons with diabetes are at risk for diabetic eye disease, most importantly diabetic retinopathy. Among those with diagnosed diabetes, the prevalence of diabetic retinopathy is 9.9% \[[@CR5]\], which translates to over 4.4 million Americans aged 40 years and older \[[@CR4]\]. If undetected or untreated, diabetic retinopathy can lead to blindness. Timely detection and treatment, however, substantially reduces the risk of visual loss \[[@CR6]\]. Vision loss and blindness are preventable in many diabetics if appropriate and accessible screening and medical care are available. It is understandable, therefore, that low-income and minority populations (often uninsured) are at greater risk of diabetic eye disease than the general population \[[@CR7]--[@CR9]\]. Compared to whites, African Americans have a higher incidence of diabetic retinopathy (38.8% vs. 26.4%) and vision-threatening diabetic eye disease (9.3% vs. 3.2%) \[[@CR10]\]. Research has shown that the risk of vision loss due to diabetic retinopathy can be reduced with early detection and treatment; however, diabetic retinopathy remains the leading cause of new cases of legal blindness in persons between the ages of 20 and 74 \[[@CR10]\].

The purpose of this study was to estimate the geographic distribution of undiagnosed diabetic retinopathy among residents of the city of Chicago using a city-wide health data repository for pre-ACA years 2006--2012. Targeting areas with the greatest health care disparities for diabetic eye care should help in formulating policies that optimize limited resources.
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Study Design {#Sec3}
------------

A retrospective cohort study was conducted using medical encounter information from the Chicago HealthLNK Data Repository (HDR), an assembly of non-duplicated and de-identified patient medical records. The HDR includes nearly six million unique patients, of which nearly 2.7 million reside in Chicago \[[@CR11]\]. These data are restricted to adults aged 18--89 years, and contain primarily structured data elements. The HDR assembly includes electronic health records from six health care institutions: five large academic medical centers (Northwestern Medicine, University of Chicago Hospitals and Clinic, Rush University Medical Center, University of Illinois at Chicago Medical Center, and Loyola University Medical Center) and one large county health care system (Cook County Health and Hospital Systems) \[[@CR11]\]. Data extractions from all of the participating academic medical centers include specific standardized data elements. For this study, the variables included demographics, vital signs (such as height, weight, and blood pressure), diagnoses and procedure codes, health insurance type (uninsured, Medicaid, Medicare, or private insurance), linkable study identification number, visit or service date, encounter type, encounter number, provider type and location name, and patient home location (ZIP Code), among others. We obtained pre-ACA electronic data for calendar years 2006 through 2012. The study was reviewed and approved by the Northwestern University Institutional Review Board.

Statistical Analysis {#Sec4}
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We utilized geographic mapping methods to determine statistically significant "hot spots" of undiagnosed diabetic retinopathy within ZIP Codes in the city of Chicago \[[@CR12]--[@CR21]\]. First, we identified patients with diabetes and diabetic retinopathy through our health information exchange using the International Classification of Diseases, Ninth Revision (ICD-9), diagnosis codes and the Current Procedural Terminology Fourth Edition (CPT) codes. Details of the patients' ZIP Code of residence, age, gender, race, and insurance status were retained for geographic adjustment, as these factors may influence health care-seeking behavior \[[@CR22]--[@CR25]\]. The observed numbers of patients in the HDR with these conditions were compared to what would be an expected number of patients with diabetes and diabetic retinopathy using published disease rates controlled by ZIP Code demographics with Tele Atlas™ \[[@CR5], [@CR26]\].

The ratio of cases of diabetic retinopathy to cases of diabetes was compared with the expected ratio to test the null hypothesis of no difference between the observed and expected ratios of diabetic retinopathy. A health disparity or underserved area was identified when the observed rate was lower than the expected rate while controlling for age, gender, race, and insurance status. The adjustments employed a spatial adjustment factor for estimated cases (denominator) in each ZIP Code relative to its gravity or influences of age, gender, race, insurance status, and population density. The population-weighted centroid for each was calculated using 2010 US Census total population estimates by geographically associated US block groups in 250 ZIP Codes in and around the Chicago area.

ArcGIS 10.3 software was used for all calculations and cartographic work \[[@CR26]\]. An inverse distance-weighted approach was then applied within the two-step methodology to calculate gravity scores for each ZIP Code \[[@CR12]--[@CR15]\]. The average score value (measure of health care access) was then determined and divided into the scores for each study area ZIP Code. This produced a multiplier for estimated cases by ZIP Code that was less than 1 in ZIP Codes with less gravity when compared to the average, and larger than 1 when ZIP Code weight was larger than the average. Estimated cases (denominator) by ZIP Code within Cook County were then adjusted using the gravity multiplier for diabetes and diabetic retinopathy. All rates were calculated for all ZIP Codes within Chicago (Cook County), and statistical differences between observed and geographically adjusted expected rates (*p* \< 0.10, *p* \< 0.05, *p* \< 0.01) were highlighted as underserved areas.

Compliance with Ethics Guidelines {#Sec5}
---------------------------------

Ethics approval was obtained through the Northwestern University Institutional Review Board, identification number STU00201551-CR0001.
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This analysis included 150,661 patients with diabetes identified from a total of nearly two million patients in Chicago. Figure [1](#Fig1){ref-type="fig"} shows the hot spots of diabetes and diabetic retinopathy throughout the city of Chicago. The areas shaded in red represent statistically significant differences between the actual and expected rates of diabetic retinopathy, where potentially large numbers of patients with diabetic retinopathy were undiagnosed and thus presumably not treated. These areas include 21 ZIP Codes and neighborhoods known as the South Loop, Far South, Near West, and Far West with respect to downtown Chicago. We estimate that the overall rate of untreated diabetic retinopathy within hotspot areas is 10%. This amounts to 3220 cases that, if left untreated, could lead to long-term vision loss.Fig. 1Adjusted gravity model hotspot analysis of undiagnosed diabetic retinopathy for 2006--2012

Within hotspots, 37% of the identified diabetics were uninsured, with the rates of uninsured individuals ranging widely from 20% to 68.6%. Among those insured, 32.8% were covered by Medicare and only 10% by Medicaid. The mean age (±standard deviation) of diabetics in hot spots was 62 (±14) years. Over 90% of the identified diabetics were African American, 4.5% were white, 2.3% were Hispanic, and 3.2% other race/ethnicity.

Figure [1](#Fig1){ref-type="fig"} shows hatched areas that represent the top 20% with the highest density of patients with diabetes in the city of Chicago. Some of the hatched areas with high rates of diabetes do not have statistically significant differences in undetected diabetic retinopathy. These non-shaded but hatched areas illustrate the income disparity across the downtown area, from affluent to varying degrees of impoverishment. In contrast, the population in more affluent areas is mostly white (70.1%), with a 90% insured rate (and 7.9% with diabetic retinopathy).

The majority of the hotspots of areas with high rates of undetected diabetic retinopathy occurred in low-income and minority areas. The Federally Qualified Health Centers (FQHCs) were superimposed on the map as green dots. These FQHCs predominately serve minorities and the uninsured patients. As shown in Fig. [1](#Fig1){ref-type="fig"}, most patients with untreated diabetic retinopathy reside in areas where primary health care is provided through FQHCs.

Discussion {#Sec7}
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Disparities in eye care are a manifestation of multiple social and economic factors, most notably inadequate or no health insurance and lack of access to eye care professionals \[[@CR22]--[@CR25]\]. The FQHCs are a critical component of the national health care safety net \[[@CR27]\]. Many FQHC patients are minorities who do not have insurance or are recent Medicaid enrollees. Without these centers, many would likely lack access to medical care. The FQHCs provide standardized care and are strategically positioned in communities where minorities and the under-insured live \[[@CR28]\].

For over 15 years, Northwestern Medicine has funded and implemented programs to provide on-site screening at some of these FQHCs, and has provided subspecialty care and surgical services for many of these patients in need of treatment for diabetic eye disease. Currently, three ophthalmologists and one optometrist screen and treat patients on-site at FQHCs on a weekly basis. With the potential increase in diabetic eye care predicted by this study as a result of the Medicaid expansion, the current workforce and practicing ophthalmologists may not be adequate to deal with the growing need (Fig. [1](#Fig1){ref-type="fig"}). More efficient methods of screening and detection of diabetic eye disease are needed to address this health care disparity in low-income and minority patients. While Illinois Medicaid does cover the treatment of diabetic eye disease (eye surgery, laser, and medications) \[[@CR29]\], disparities in diabetic eye care still exist.

One of the goals of the Healthy People 2020 initiative is to reduce visual impairment related to diabetic retinopathy \[[@CR30]\]. To this end, the National Eye Institute\'s 2012 strategic plan includes "expand\[ed\] efforts in telemedicine to manage retinal diseases like diabetic retinopathy...via web-based networks" \[[@CR31]\]. Research has shown that telemedicine increases access to specialists for populations in rural and/or underserved areas, at a considerable cost savings \[[@CR32]\]. Among the many facets of telemedicine is teleophthalmology, which includes retinal fundus examination. While a dilated eye exam with an eye care provider is considered the "gold standard" for detecting diabetic retinopathy, an alternative---but equally effective---method of diabetic eye disease screening is through a digital photograph of the retina.

Digital retinal photography with a non-mydriatic (undilated pupil) camera can be completed in about a minute\'s time by clinic support staff during a primary care visit, and then viewed online remotely by an ophthalmologist. Studies have shown that digital photography is as effective as a dilated eye exam, and patients with vision-threatening disease can be rapidly identified and promptly referred for examination and management \[[@CR32], [@CR33]\]. The broad range of telemedicine technologies and protocols for diabetic retinopathy reflects progressive improvement in diagnostic sensitivity and specificity, with enhanced cost-effectiveness \[[@CR34], [@CR35]\]. The operational and clinical components of telemedicine programs for diabetic retinopathy were recently reviewed, and the logistical advantages of such programs were consistently acknowledged \[[@CR33], [@CR34]\].

Although telemedicine technology is available, however, current reimbursement under Medicaid and Medicare does not address payment for obtaining and interpreting images taken from non-mydriatic cameras if done so for screening diabetics for eye disease \[[@CR32], [@CR33], [@CR36]--[@CR39]\]. Without payment reform, it is unlikely that the goals of Healthy People 2020 and the National Eye Institute\'s strategic plan can be achieved in professionally underserved areas. Ironically, other federally financed health care programs such as the Veterans Health Administration and the Indian Health Service have successfully used telehealth technology for diabetic retinopathy screening and other specialty care for some time \[[@CR32], [@CR33], [@CR36]--[@CR39]\]. A key difference is the perceived distinction between Medicaid and Medicare as "private sector" enterprises versus veteran and Indian health care as federally financed entitlement programs.

Limitations {#Sec8}
-----------

There are several limitations to our analysis. First, the results obtained for the city of Chicago may not be reflective of other large cities. However, Chicago is one of the largest cities in the USA, with a diverse population, making this study generalizable to other diverse urban cities. Another limitation is that the HDR does not capture all practices and is not a sample of the entire city. Our map only allowed us to examine geographic statistical areas in the pre-ACA era. We could not account for eye care provided outside the FQHC, though that likelihood is low given the traditionally larger out-of-pocket costs for private screening in both the pre- and now post-ACA era.

Conclusions {#Sec9}
===========

Our study shows that in Chicago, a large proportion of unscreened patients with diabetes have undiagnosed diabetic retinopathy. The ability to screen the growing number of patients with diabetes in low-income areas will likely require adoption of cost-effective screening technologies. This in turn will be contingent upon Medicare and Medicaid payment reform that incentivizes the use of validated screening techniques \[[@CR32], [@CR33]\] in appropriate settings.
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